
CESPK-ED-G             11 January 2008 
 
  
MEMORANDUM FOR RECORD 
 
SUBJECT:  Summary of the Natomas Basin 3% Event Screening Level Levee 
Certification Analysis 
 
 
1.  PURPOSE.  This Memorandum for Record summarizes the results and 
conclusions of a hydrologic, hydraulic and geotechnical engineering screening 
level analysis of the Natomas basin levee system.  The geotechnical analyses 
were limited to two reaches of levee along the left bank the Sacramento River 
between the American River and Natomas Cross Canal with known seepage 
problems and with adequate data and information available to perform a reliable 
analysis.  The hydraulic analyses were limited to the levee reach bounded by the 
Sacramento River from the Natomas Cross Canal to the confluence of the 
Sacramento and American Rivers. This screening level analysis was performed 
to provide an early indication of Sacramento District’s (CESPK) ability to support 
certification of the Natomas basin levee system to a 3% event.  Such indication 
will help the sponsor and the District determine if continued efforts to conduct a 
full levee system certification would be feasible.    
 
2.  REFERENCES: 
 

a. Natomas Basin 3% Event Screening Level Levee Certification Analysis, 
Hydrologic and Hydraulic Engineering Report, 04 Jan 2008. (Enclosure 1) 

 
b. Natomas Basin 3% Event Certification Geotechnical Memorandum for 

Record, 10 Jan 2008. (Enclosure 2) 
 
c. ETL 1110-2-570 (Draft), Certification of Levee Systems for the National 

Flood Insurance Program (NFIP) 
 

3.  BACKGROUND.  As a result of Sacramento District’s decertification of the 
Natomas levee system in 2006, the Federal Emergency Management Agency 
(FEMA) entered into a remapping effort for the area. Discussions between the 
local agencies and FEMA indicated the Natomas area being mapped into one of 
two potential flood hazard zones; an AR zone which is a less restrictive rating 
where residential and commercial construction activities may continue with minor 
elevation restrictions, and an AE zone which is a more restrictive flood hazard 
zone with construction elevation requirements tied to a base flood elevation (33 
feet, NGVD-29, in the case of Natomas). Mandatory flood insurance is also a 
requirement of both the AR and AE flood hazard zones.  
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In order to obtain an AR flood hazard zone rating, the FEMA regulations 
specifically required Federal Agency certification that the flood defense system 
would pass a 3% annual chance flood event (ACFE).  The certification, if 
successfully performed, would allow FEMA to remap the Natomas basin as an 
AR flood hazard zone and the more stringent construction elevation limitations 
would be lifted.  On October 17, 2007, the County and City of Sacramento 
requested CESPK certify the levee system in order to obtain the AR flood hazard 
zone designation. 
 
Due to the short timeframe available to do this certification, CESPK in conjunction 
with the City and County of Sacramento and SAFCA agreed to do an abbreviated 
geotechnical and hydraulic/hydrologic analysis of limited areas first. It was agreed 
that to perform a full certification in accordance with USACE levee certification 
criteria would take significantly longer than desired given the time restrictions in 
place. Furthermore, it was agreed that if the screening level analysis showed a 
good probability of the levee system passing, CESPK would then conduct a full 
and complete certification analysis. 
 
4.  METHODOLOGY.  The draft ETL 1110-2-570 was the basis for the 
methodology followed in performing the screening level analysis.  Although the 
ETL outlines certification for the 1% event, it can also be successfully applied for 
certification to the 3% event in this analysis because certification for any flood 
event involves the same technical procedures.  Per the draft ETL, the levee 
system under consideration must pass the flood with 90% or 95% assurance, 
depending upon the amount of existing freeboard.  A 95% assurance water 
surface profile was used for the geotechnical deterministic evaluation of the levee 
considering under seepage and stability.  Additionally, sensitivity analyses using a 
50% assurance (i.e. “mean”) water surface elevation were also considered in the 
geotechnical evaluation and were used for comparative purposes only.  Use of 
the 50% or “mean” water surface elevation mimics the traditional approach used 
for a FEMA based certification. 
 
As noted earlier, this screening analysis was performed on a limited reach of the 
Sacramento River and did not include an analysis of all the FEMA and draft ETL 
certification criteria - including erosion, interior drainage, wind-wave run up, etc. 
 
5.  DATA.  The hydrologic and hydraulic data used in the analysis was originally 
developed by the USACE Sacramento and San Joaquin Rivers Comprehensive 
Study.  Details regarding the hydrologic and hydraulic inputs, including 
development of water surface profiles used in the screening analysis, are 
contained in reference 2.a (Attachment 1).  The sources of data for the 
geotechnical analysis included recent studies performed on the Sacramento River 
east bank levee for the Natomas Levee Improvement Program (NLIP) by SAFCA 
and for the Natomas General Reevaluation Report (GRR) by URS for the Corps.  
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Details regarding the geotechnical data used and the under seepage and stability 
calculations are contained in reference 2.b (Attachment 2).   
 
6.  RESULTS.  Tables 1 and 2 below summarize CESPK’s analyses.  It can be 
seen that the containment, under seepage and stability criteria for certification to 
the 3% ACFE were not met for the reaches analyzed. Additionally, sensitivity 
analyses also revealed that the seepage gradient criteria were not met at Levee 
Mile 1.33 (River Mile 77.9) even when significantly lower water surface elevations 
(50% assurance or “mean”) were used. 
 
Table 1 - Summary of H&H Screening Analysis 

Location 

Levee 
Mile 

River 
Mile 

Annual Event 
Probability 

Water 
Surface 

Elevation 
(NAVD 88)* 

Top of 
Levee 

Elevation 
(NAVD 88)* 

Containment 
Deficiency 

(ft) 

3.8 75.5 
3% @ 
95% 

assurance 
42.6’ 42.4’ - 0.2 

6.6 72.7 
3% @ 
95% 

assurance 
41.4’ 41.1’  - 0.3 

7.1 72.2 
3% @ 
95% 

assurance 
41.0’ 40.9’  - 0.1 

* NAVD-88 elevation was obtained by calculating the water-surface elevation in NGVD-29 and 
then using the computer program “VERTCON” to convert to NAVD-88 
 
Table 2 – Summary of Geotechnical Screening Analysis 

Location Seepage Gradients 
(USACE Criteria < 0.5) 

Levee 
Mile 

River 
Mile 

Annual Event 
Probability 

Water 
Surface 

Elevation 
(NAVD 88)* At Levee 

Toe 
At Ditch 
Bottom 

Slope 
Stability 
(USACE 
Criteria 
FS>1.4) 

3% @ 
95% 

assurance 
43.7’ 0.69 1.60 

3% @ 
50% 

assurance 
(mean) 

41.6’ 0.57 1.40 1.33 77.9 

> 3% @ 
50% 

assurance 
(mean) 

37.0’ 0.32 0.99 

1.284 

4.11 75.2 
3% @ 
95% 

assurance 
42.3’ 0.69 2.40 Not analyzed 

* NAVD-88 elevation was obtained by calculating the water-surface elevation in NGVD-29 and 
then using the computer program “VERTCON” to convert to NAVD-88 
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NATOMAS Basin 3% event screening level 

LEVEE CERTIFICATION ANALYSIS 
 

Hydrologic and Hydraulic Engineering Report 
 
 
1.  PURPOSE.  This report documents the hydrologic and hydraulic engineering inputs, 
procedures, and results of a screening level certification analysis of the Natomas basin 
levee system.  The analysis was performed on the Sacramento River between the 
American River and Natomas Cross Canal, a reach containing known freeboard and 
seepage problems and with adequate data available to perform a reliable analysis.  The 
analysis was performed to provide an early indication of the Corps’ ability to certify the 
Natomas basin levee system to the 3% event.  Such indication will help determine if an 
attempt at a full levee system certification is warranted.     
 
2.  REFERENCES 
 

a. ETL 1110-2-570 (Draft), Certification of Levee Systems for the National Flood 
Insurance Program (NFIP) 

b. EM 1110-2-1619, Risk-Based Analysis for Flood Damage Reduction Studies  
c. Natomas Basin 3% Event Certification Geotechnical Analysis, 26 November 2007. 
d. Sacramento and San Joaquin River Basins Comprehensive Study, Technical Studies   

Documentation, December 2002. 
e. Sacramento River UNET Model Comparison Draft MFR, 16 February 2006.  
f.  Lower Feather River Floodplain Mapping Study, 17 February 2005.   
 

3.  BACKGROUND.  SAFCA, the County of Sacramento, and the City of Sacramento 
requested the Sacramento District, U.S. Army Corps of Engineers (the Corps) to certify 
that the levees surrounding the Natomas Basin can safely pass the 3% (i.e. 1 in 33) annual 
chance flood event.  The certification is one of the requirements to map the Natomas basin 
in a FEMA AR zone.  An AR zone is a temporary rating where housing construction and 
other commercial activities may continue with certain restrictions until the levees are 
rehabilitated.  A recent draft engineering technical letter (ETL 1110-2-570), entitled 
Certification of Levee Systems for the National Flood Insurance Program defines current 
interim procedures for levee system certification.  The USACE policy intent outlined in 
the ETL is that probability and uncertainty-based analyses be applied to certification 
determinations, and that only systems shown to possess a strong assurance (i.e. greater 
than 90% to 95% of the time) of passing a given event, be certified to that event.  Notably, 
the ETL does not allow floodfighting activities to be accounted for as part of the 
certification determination.   
 
4.  SCOPE.  The scope of hydrologic and hydraulic engineering efforts for the screening 
level analysis consisted of development of various water surface (stage) profiles 
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associated with the 3% chance flow event on the Sacramento River and a containment 
(i.e. freeboard) analysis using the same profiles.  These activities were performed using 
the best hydrology, hydraulic model, and risk and uncertainty (HEC-FDA) analysis inputs 
available from existing sources.  The profiles were also used for geotechnical analyses 
performed as part of the screening analysis.  The screening analysis did not include an 
analysis of all the FEMA certification and ETL requirements including erosion and wind-
wave.  The subject Sacramento River reach was chosen because it appeared to be the 
critical reach based on our current knowledge of and data availability for the levees in the 
Natomas basin system. 
 
5.  HYDROLOGY.  The hydrology data used was developed as part of the Sacramento 
and San Joaquin Rivers Comprehensive Study (Comp Study).  This data consisted of the 
flow hydrographs computed to represent storms of various sizes centered at the latitude 
of Sacramento on the Sacramento River.  See Reference 2.d for further detail on the 
Comp Study hydrology.  Subsequent to the Comp Study hydrology, a Shanghai centering 
was developed for the Feather River system.  See Reference 2.f for details regarding the 
development of the Shanghai centering.  Following the convention established by the 
Comp Study, water surface profiles of the Sacramento River were compared using both 
the Sacramento and Shanghai centerings.  The Sacramento centering produced higher 
water surface elevations for the Sacramento River from the American River to the 
Natomas Cross Canal and therefore was used for this analysis.   
 
6.  HYDRAULICS.  The UNET model used was also originally developed as part of the 
Comp Study, and was later refined based on reviewed and accepted revisions made by 
MBK Engineers. Reference 2.e documents the comparison of the models and the 
subsequent changes made.  Model runs did not include upstream levee failures, but did 
allow for overtopping of levees.  Profiles generated as part of the Comp Study efforts 
show no overtopping of levees upstream of Natomas for the 2% chance flood event for 
the major upstream channels of the flood control system (Sacramento River, Sutter 
Bypass, Feather River, Yuba River, and Bear River).  Therefore, no upstream overtopping 
is expected for a 3% chance event.   
 
Water surface elevations derived from the UNET model are based on the NGVD 1929 
vertical datum.  A conversion factor of +2.5’ was used to convert to the NAVD 1988 
vertical datum using the Corpscon computer program. 
 
7.  HEC-FDA ANALYSIS.  Inputs for the HEC-FDA (FDA) analysis consisted of stage-
frequency and period of record values.  Stage-frequency curves were used as opposed to 
flow-frequency, stage-discharge curves because of the fact that within the Sacramento 
River system there is not typically a unique set of stages for given discharges at a 
particular location.  Stages at 2 locations (index points at river mile 79 and river mile 68) 
were extracted for several frequency events from the UNET model runs.  The resulting 
stage-frequency curves used in the FDA analysis are shown in Table 1.  70 years was used 
as the period of record for both index points analyzed.   
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Table 1: FDA stage-frequency input 

Stage (ft)* Expected 
Annual 

Frequency RM 79 RM 68 
0.999 25.50 18.50 
0.500 35.46 29.92 
0.100 38.70 32.35 
0.040 41.71 35.89 
0.020 42.47 37.17 
0.010 43.99 39.06 
0.005 45.31 40.27 
0.002 46.60 41.69 

*Vertical Datum = NAVD ‘88  
 
 
8.  3% EVENT STAGE PROFILES.  Various stage profiles were developed for the 3% 
chance event using the available hydrology data, the existing UNET hydraulic model, and 
the HEC-FDA results.   
 

a. Expected Profile.  The expected 3% chance event stage profile was generated by 
interpolating between the expected 2% and 4% chance event profiles because hydrology 
had not been specifically developed for the 3% event.  The interpolation was done by first 
graphically determining the 3% stage using a stage frequency curve for river mile 79.  A 
weighting was then developed comparing the differences in stages for the 3% and 4% 
events compared to the difference in stages for the 2% and 4% events.  The weighting 
developed at this index point was applied to all other locations to determine the 3% event 
[3% stage = .447 X (2% stage – 4% stage) + 4% stage].  The 2% and 4% as well as the 
interpolated 3% profile are shown in Figure 1.   
 

b. 90% and 95% Assurance Profiles.  The 90% and 95% assurance profiles for the 
3% chance event are the 90% and 95% non-exceedence stage profiles for the 3% event.  
These profiles would not be exceeded in 90% and 95% of the occurrences of a 3% chance 
flow event.   These profiles were developed by following a two-step process.  The first 
step was an iterative process that tested multiple elevations by applying HEC-FDA at two 
index points previously mentioned to determine which elevations correspond to the 90% 
and 95% non-exceedence elevations for the 3% event at those locations.    The next step 
generated assurance profiles from these elevations by correlating them to the expected 
1% event elevation at each index point and using that correlation to develop the assurance 
profiles from the 1% event profile.  At RM 68, the 90% and 95% assurance elevations for 
the 3% event differed from the expected 1% elevation by -0.51 feet and 0.14 feet, 
respectively.  At RM 79, the 90% and 95% assurance elevations for the 3% event differed 
from the expected 1% elevation by -0.24 feet and 0.21 feet, respectively.  These 
differences were applied to the expected 1% event profile to develop two sets of 90% and 
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95% assurance profiles – one set generated from each index point.  These profiles are 
displayed in Figure 2 and Figure 3 as well as Table 1.  
 
9.  CONTAINMENT ANALYSIS.  Levee freeboard is the vertical distance from the 
expected stage profile for a given event to the top of levee elevation.  In order to be 
certified per the ETL for a given flow event, levees must contain the 90% assurance 
profile for that event if they provide at least 3 feet of freeboard, or must contain the 95% 
assurance profile if they provide less than 3 feet of freeboard.  They must always provide 
at least 2 feet of freeboard for that flow event.  The expected 3% event, the expected 3% 
event with 2 and 3 feet of freeboard, and the 90% and 95% assurance profiles for the 3% 
event are all shown in Figure 3 along with the Sacramento River left bank top of levee 
profile.  The top of levee profile was acquired by the California Department of Water 
Resources relatively recently from ground-based surveys. 
 
As shown in Figure 4, there is at least 2 feet of freeboard along the entire profile.  
Downstream of about RM 69.9, the left bank levee provides greater than 3 feet of 
freeboard above the expected 3% event profile, and both of the 90% assurance profiles are 
contained.  Upstream of about RM 69.9, the freeboard above the 3% event profile is less 
than 3 feet at many locations.   
 
For purposes of the containment and geotechnical analyses, the 95% assurance profile 
developed from the index point at RM 79 was used for the reach upstream of RM 69, 
where a break in water surface slope is evident.  For downstream of RM 69, the 90% 
assurance profile (based on the RM 68 index point) is used.  Figure 4 shows the combined 
assurance profile used for the containment analysis that is a combination of profiles for 
the 2 reaches just described.  This profile is not contained below the left bank top of levee 
profile at river miles 72.2, 72.7 and 75.5.  Therefore, the levee in this reach is not 
certifiable to the 3% chance event per current criteria based on containment (freeboard) 
deficiencies. 
 
10.  SENSITIVITY ANALYSIS.  Geotechnical underseepage and stability analyses were 
conducted using the 3% event with 95% assurance profile (geotechnical analyses were 
conducted at locations upstream of RM 69).  The results of these analyses do not meet 
minimum criteria for underseepage or stability.  To determine the sensitivity of the 
geotechnical results to water surface inputs, the effects of lower stage profiles were 
assessed.  The geotechnical analyses results also did not meet minimum criteria when the 
expected 3% event profile was used, and even when an elevation which equates to less 
than an expected 10% event was used.  Additional information on the geotechnical 
analyses performed as part of the screening analysis can be found in reference 2.c.  These 
results show that requirements to meet 3% chance event levee certification are not close to 
being met based on serious geotechnical deficiencies that are insensitive to potential 
uncertainties in associated water surfaces.  It is therefore highly unlikely that more 
refinement of the hydrologic data and/or hydraulic model would provide any chance of 
certification.    
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11.  Any questions on the above may be referred to Ethan Thompson, P.E. at (916) 557-
7142. 
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Figure 1.  Sacramento River Water Surface Profiles RM 61-79 
Expected 3% Event Profile
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Figure 2.  Sacramento River Water Surface Profiles RM 61-79
3% Event Assurance Profiles - Based on RM 79 Index Point
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Figure 3.  Sacramento River Water Surface Profiles RM 61-79
3% Event Assurance Profiles - Based on RM 68 Index Point
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Figure 4.  Sacramento River Water Surface Profiles RM 61-79
Containment Analysis
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Table 2 3% Assurance Profiles

3% Mean
3% Mean + 

2'
3% Mean + 

3'
Index PT 

RM68 (95%)
Index PT 

RM68 (90%)
Index PT 

RM79 (95%)
Index PT 

RM79 (90%)

River Miles
Elev (ft)    

NAVD '88
 Elev (ft)    

NAVD '88
 Elev (ft)    

NAVD '88
 Elev (ft)    

NAVD '88
 Elev (ft)    

NAVD '88
 Elev (ft)    

NAVD '88
 Elev (ft)     

NAVD '88
79.21 42.18 44.18 45.18 44.26 43.61 44.34 43.89

79 42.05 44.05 45.05 44.13 43.48 44.20 43.75
78.75 41.93 43.93 44.93 44.01 43.36 44.08 43.63
78.5 41.80 43.80 44.80 43.87 43.22 43.94 43.49
78.25 41.69 43.69 44.69 43.77 43.12 43.84 43.39

78 41.63 43.63 44.63 43.71 43.06 43.78 43.33
77.75 41.44 43.44 44.44 43.52 42.87 43.60 43.15
77.5 41.24 43.24 44.24 43.32 42.67 43.39 42.94
77.25 41.19 43.19 44.19 43.27 42.62 43.34 42.89

77 41.06 43.06 44.06 43.14 42.49 43.22 42.77
76.75 40.94 42.94 43.94 43.03 42.38 43.10 42.65
76.5 40.87 42.87 43.87 42.97 42.32 43.04 42.59
76.25 40.75 42.75 43.75 42.86 42.21 42.94 42.49

76 40.59 42.59 43.59 42.71 42.06 42.78 42.33
75.75 40.50 42.50 43.50 42.62 41.97 42.70 42.25
75.5 40.36 42.36 43.36 42.49 41.84 42.57 42.12
75.25 40.23 42.23 43.23 42.37 41.72 42.44 41.99

75 40.15 42.15 43.15 42.30 41.65 42.37 41.92
74.75 40.02 42.02 43.02 42.18 41.53 42.25 41.80
74.5 39.79 41.79 42.79 41.96 41.31 42.04 41.59
74.25 39.72 41.72 42.72 41.92 41.27 41.99 41.54

74 39.62 41.62 42.62 41.82 41.17 41.89 41.44
73.75 39.51 41.51 42.51 41.73 41.08 41.80 41.35
73.5 39.40 41.40 42.40 41.64 40.99 41.71 41.26
73.25 39.31 41.31 42.31 41.56 40.91 41.63 41.18

73 39.14 41.14 42.14 41.41 40.76 41.49 41.04
72.75 39.05 41.05 42.05 41.34 40.69 41.41 40.96
72.5 38.87 40.87 41.87 41.18 40.53 41.25 40.80
72.25 38.73 40.73 41.73 41.05 40.40 41.13 40.68

72 38.48 40.48 41.48 40.83 40.18 40.90 40.45
71.75 38.43 40.43 41.43 40.80 40.15 40.87 40.42
71.5 38.33 40.33 41.33 40.72 40.07 40.79 40.34
71.25 38.19 40.19 41.19 40.60 39.95 40.68 40.23

71 38.01 40.01 41.01 40.45 39.80 40.52 40.07
70.926 37.93 39.93 40.93 40.38 39.73 40.46 40.01
70.893 37.90 39.90 40.90 40.36 39.71 40.43 39.98
70.75 37.84 39.84 40.84 40.30 39.65 40.37 39.92
70.5 37.76 39.76 40.76 40.23 39.58 40.31 39.86
70.25 37.69 39.69 40.69 40.18 39.53 40.26 39.81

70 37.63 39.63 40.63 40.14 39.49 40.22 39.77
69.75 37.48 39.48 40.48 40.02 39.37 40.10 39.65
69.5 37.40 39.40 40.40 39.95 39.30 40.03 39.58
69.25 37.33 39.33 40.33 39.91 39.26 39.98 39.53

69 37.22 39.22 40.22 39.82 39.17 39.89 39.44
68.75 37.02 39.02 40.02 39.65 39.00 39.72 39.27



68.5 36.92 38.92 39.92 39.57 38.92 39.64 39.19
68.25 36.67 38.67 39.67 39.36 38.71 39.44 38.99

68 36.46 38.46 39.46 39.20 38.55 39.27 38.82
67.75 36.19 38.19 39.19 38.98 38.33 39.06 38.61
67.5 35.99 37.99 38.99 38.83 38.18 38.90 38.45
67.25 35.82 37.82 38.82 38.69 38.04 38.76 38.31

67 35.72 37.72 38.72 38.61 37.96 38.68 38.23
66.75 35.43 37.43 38.43 38.39 37.74 38.46 38.01
66.5 35.21 37.21 38.21 38.22 37.57 38.29 37.84
66.25 34.89 36.89 37.89 37.97 37.32 38.05 37.60

66 34.72 36.72 37.72 37.84 37.19 37.91 37.46
65.75 34.57 36.57 37.57 37.74 37.09 37.81 37.36
65.5 34.46 36.46 37.46 37.66 37.01 37.73 37.28
65.25 34.22 36.22 37.22 37.50 36.85 37.57 37.12

65 34.01 36.01 37.01 37.34 36.69 37.41 36.96
64.75 33.81 35.81 36.81 37.19 36.54 37.26 36.81
64.5 33.66 35.66 36.66 37.08 36.43 37.16 36.71
64.25 33.54 35.54 36.54 37.00 36.35 37.07 36.62

64 33.29 35.29 36.29 36.82 36.17 36.90 36.45
63.82 33.18 35.18 36.18 36.75 36.10 36.82 36.37
63.75 33.29 35.29 36.29 36.92 36.27 36.99 36.54
63.69 33.41 35.41 36.41 37.06 36.41 37.13 36.68
63.63 33.51 35.51 36.51 37.15 36.50 37.22 36.77
63.57 33.59 35.59 36.59 37.17 36.52 37.25 36.80
63.5 33.65 35.65 36.65 37.13 36.48 37.20 36.75
63.44 33.68 35.68 36.68 37.01 36.36 37.08 36.63
63.25 33.67 35.67 36.67 37.04 36.39 37.11 36.66

63 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.973 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.971 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.943 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.941 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.75 33.67 35.67 36.67 37.11 36.46 37.18 36.73
62.5 33.67 35.67 36.67 37.14 36.49 37.22 36.77
62.25 33.67 35.67 36.67 37.19 36.54 37.26 36.81

62 33.67 35.67 36.67 37.22 36.57 37.30 36.85
61.75 33.67 35.67 36.67 37.26 36.61 37.33 36.88
61.5 33.67 35.67 36.67 37.28 36.63 37.35 36.90
61.25 33.67 35.67 36.67 37.32 36.67 37.39 36.94

61 33.67 35.67 36.67 37.38 36.73 37.45 37.00
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NATOMAS BASIN 
3% Flood Event  

Geotechnical Analysis 

1. INTRODUCTION 

In October of 2007 SAFCA, the County of Sacramento, and the City of Sacramento requested 
that Sacramento District of the USACE (the Corps) certify that the levees surrounding the 
Natomas Basin, Reclamation District 1000, can safely pass the 3% (i.e. 1 in 33) annual chance 
exceedance flood event.  This certification is one of the requirements of CFR 44 65.14 to map 
R.D. 1000 in a FEMA AR zone. This allows restricted development until the levee hazard can be 
reduced.  A recent draft engineering technical letter (ETL 1110-2-570), entitled Certification of 
Levee Systems for the National Flood Insurance Program defines current interim procedures for 
levee system certification.  The procedures have been written to certify levees for the 1% percent 
annual chance exceedance event. We are applying the same procedures to evaluate the 3% event. 
These procedures are a probability and uncertainty-based analyses to determine water surface 
elevations and only systems possessing a minimum 90% reliability, can be certified for that 
event.  Geotechnical analysis is made using deterministic methods.  (It is important to note that 
ETL 1110-2-570 does not allow flood-fighting activities or events on other parts of the system to 
be accounted for as part of the certification determination. Also this assurance is only for 
containment; it does not include the probability of failure by any other mode or combined 
probability of all failure modes.) 
 
This report presents the results of the geotechnical analysis for the Natomas Levee System (RD 
1000), considering the water elevation corresponding to a 3% flood event with a 95% 
Conditional Non-Exceedance Probability (CNP).  The 3% flood event water elevations were 
obtained from hydraulic analysis summarized in the 23 November 2007 MEMORANDUM FOR 
RECORD, SUBJECT:  Natomas Basin 3% Event Levee Certification, Screening Level Analysis, 
Hydraulic Report.  Elevations are all reported in North American Vertical Datum (NAVD) 88. 
 
The primary goal of this analysis is to determine if the critical levee sections meet minimum 
geotechnical design criteria required by the Corps of Engineers with respect to underseepage and 
slope stability at the 3% flood event water surface.  The following criteria apply: 
 
 Underseepage Gradient should be less than 0.5 at the landside toe (maximum gradient is 
0.8 at the toe of a landside seepage berm if applicable) for the selected water elevation (ETL 
1110-2-569); 
 Stability Factor of Safety of the landside levee slope considering steady state conditions 
under the selected water elevation should be greater than 1.4. (EM 1110-2-1902) 
 
The existing conditions were evaluated considering the geotechnical information provided by 
subsurface investigations performed in the past, supplemented by recent studies developed for 
Natomas GRR by URS for the Corps of Engineers and by Kleinfelder for SAFCA’s Natomas 
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Levee Improvement Program.  The following tasks were performed for this study: 
 

• Examination of criteria for certification of levees. 
• Review of existing sources of information. 
• Evaluation of each existing levee unit including design features and subsurface 

conditions to determine most critical areas for analysis. 
• Geotechnical analysis for critical levee reaches.  
 

Geotechnical analyses were performed in accordance with the Corps of Engineers design 
guidance.  Underseepage and landside slope stability considering a steady state conditions with 
the water at the 3% flood event at 95% CNP were evaluated.   
 

2. SOURCES OF INFORMATION 

 
The primary sources of information for the subsurface conditions of the existing levee are as 
follows: 
 

a. URS “Natomas GRR Investigation” Draft Evaluation Report, Sacramento East Levee, 
2007 

b. “Geotechnical Data Report, Sacramento River East Levee, Natomas Basin Evaluation, 
Reclamation District 1000, Sacramento and Sutter Co. California”, Kleinfelder, 3 January 
2007. 

c. “Geotechnical Data Report, Natomas Cross Canal South Levee, Natomas Basin 
Evaluation,  Reclamation District 1000, Sacramento and Sutter Co. California”, 
Kleinfelder, 4 January 2007. 

d. “Alternatives Analysis Report for Seepage Mitigation, Sacramento River East Levee, 
Natomas Basin Evaluation, Reclamation District 1000, Sacramento and Sutter Co. 
California”, Kleinfelder, 25 September 2006. 

e. “Natomas Levee Evaluation Study”, Prepared for SAFCA by MBK Engineers, 
Kleinfelder, and others, July 14, 2006. 

f. “Alternatives Analyses Report for Seepage/Stability Mitigation, Natomas Cross Canal 
South Levee, Natomas Levee Improvement Program, Sutter Co. California”, Kleinfelder, 
29 April 2006. 

g. “Natomas General Evaluation Report, American River Watershed Project (Common 
Features), California”, URS for USACE-SPK, 29 November 2005. 

h. “Geotechnical Report, American River Watershed, Implementation of WRDA 99 
Common Features, Natomas Cross Canal Levee”, USACE-SPK-ED-GS, May 2002. 

i. “American River Watershed Project (Common Features), California, Sacramento River 
Levee and Berm, Sacramento, CA”, URS for USACE-SPK, 6 December 2002 

j. “Natomas Basin 3% Event Levee Certification, Screening Level Analysis, Hydraulic 
Report “, USAED Sacramento. 23 November 2007 

 



5 
 
Geotechnical Analysis  
3% Flood Frequency  

The references used for the geotechnical analyses are as follows: 
 

k. EM 1110-2-1913 “Design and Construction of Levee” (2000) 
l. EM 1110-2-1902 “Slope Stability” (2003) 
m. EM 21110-2-1901 “Seepage Analysis and Control for Dams” 
n. Recommendation for Seepage Design Criteria, Evaluation and Design Practices, Final 
Report of the 2003 CESPK Levee Task Force 
o. SOP EDG-03 Technical Product Review Policies and Procedures- Geotechnical Levee 
Practice 
p. ETL 1110-2-569 “Design Guidance for Levee Underseepage” 
 

The references used for levee mapping and certification are as follows: 
 

q. 44 CFR 65.10, “Mapping for areas protected by levee systems.” 
r. 44 CFR 65.14, “Remapping of areas for which local flood protection systems no longer 
provide base flood protection.” 
s. ETL 1110-2-570 “Guidance of Levee Certification for the National Flood Insurance 
Program – FEMA Map Modernization Program Issues” (draft 2007) 

 

3. DESCRIPTION OF THE LEVEE SYSTEM 

3.1 General Description. 

The Natomas flood protection system consists of 42.61 miles of levees divided into 4 major units 
as follows: (1) Levee Unit 1, 18.6 miles long, located along the east bank of the Sacramento 
River; (2) Levee Unit 2 , 2.33 miles long, located along the north bank of the American River; 
(3) Levee Unit 3, 17.30 miles long, located along the west bank of the Natomas East Main 
Drainage Canal and Pleasant Grove Creek Canal; and (4) Levee Unit 4, 4.38 miles long, located 
along the south bank of the Natomas Cross Canal.  The Natomas Levee (Reclamation District 
1000) is shown in Figure 1. 

3.2 Levee Unit 1 Sacramento River 

Levee Unit 1 is located along the east bank of the Sacramento River between the Natomas Cross 
Canal on the north end and American River at the south end.  The levee in this unit was 
constructed in the early 1900s by excavating a core trench and depositing the excavated material 
on both sides of the trench to form starter levees, then filling the space between the starter levees 
with hydraulic deposited sand fill and finally topping off the levee with sand fill.  The sand 
extends in some locations deeper in the center of the levee.  The existing levee embankment has 
slopes generally of 1(V) on 2(H) on the landside and 1(V) on 3(H) on the waterside, except in 
the area where encroachments on the levee right of way included fill over the levee waterside 
slope.  The levee height varies between 19 and 22 feet, with the crest between elevation 43 and 
38.5 feet, NAVD 88.  The Garden Highway runs along the levee crest.  Between Natomas Cross 
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Canal (Levee Mile 0.0) and Powerline Road (Levee Mile 12.03) the levee embankment has a 
more recently constructed 10 foot wide landside berm extended to about half of the levee height 
(Figure 2).  The berm was constructed over a drainage layer that was extended as a chimney 
drain on the levee slope, to prevent internal erosion due to the water seepage through the levee 
embankment.  Filter fabric was placed between the drainage layer and the levee fill.  A cut-off 
wall was recently constructed in the levee between Power Line Road (Levee Mile 12.03) and the 
south end at American River (Levee Mile 18.60) to prevent seepage and internal erosion caused 
by seepage through the levee (Figure 3).  The wall was constructed in two different phases and 
the depth varies between 25 and 45 feet.  The wall was constructed to penetrate into the 
upermost impervious clay layer of the foundation, but not the lower impervious clay layer. It was 
constructed to prevent seepage through the levee embankment and to increase the seepage path.  
A 5-foot deep unlined irrigation ditch has been constructed 10 feet from the landside toe between 
levee miles 0.0 and 12.03 (Powerline Rd).  A second 3-foot deep unlined irrigation ditch 
between levee miles 12.03 to the end of the levee unit was excavated 5 feet from the landside 
levee toe.  Encroachments on the waterside levee slope include but are not limited to houses 
constructed on the riverbank, fences along the levee crest on the shoulder of the highway, power 
poles in the levee landside and waterside slopes, and utility lines including pressurized pipes for 
the irrigation crossing the levees.  The riverbank is covered by heavy vegetation that extends on 
the levee slope, in some places up to the levee crest. The heavy vegetation includes large 
diameter trees with deep root systems.  Access to the waterside levee toe for inspection is 
sometimes denied by the owners of the riverbank.  Encroachment on the landside slope includes 
fences, power poles, utilities and in some place downstream of Power Line Road orchards 
planted on the levee slope.  The landside slope is also covered by scattered brush and old big 
diameter trees.  Typical cross section of the levee with stability berm north of the Power Line 
Road is shown on Figure 2.  Figure 3 shows a typical cross section of the levee south of the 
Power Line Road, with a cut-off wall. 
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Figure 2 – Unit 1 Typical Cross Section North of Power Line Road 
 

 
 

Figure 3 – Unit 1 Typical Cross Section South of Power Line Road 
 

3.3 Levee Unit 2, American River 

Levee Unit 2 is located along the north bank of the American River between the Sacramento 
River on the west end and Natomas East Main Drainage Canal on the east end.  It is 2.33 miles 
long.  The levee crest is typically 45 feet wide to accommodate Garden Highway.  The levee 
height varies between 19 and 20.5 feet with the side slopes of 1(V) on 3(H) on the waterside and 
1(V) to 1.5 to 2 (H) on the landside.  The levee embankment was constructed of impervious clay 
material.  The levee has a canal near the waterside toe which is an extension of the Natomas East 
Main Drainage Canal and an irrigation ditch 4 to 6 feet deep along the landside toe from the 
Garden Highway ramp to Azusa Street where the Garden Highway ramps off.  The levee crown 
width is reduced to 20 feet where the Garden Highway ramps off.  A typical cross section for 
Levee Unit 2 is shown on Figure 4. 
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Figure 4 – Unit 2 Typical Cross Section  

3.4 Levee Unit 3 Natomas Main Drain Canal and Pleasant Grove Creek Canal 

The 17.3 miles long levee is located along the west bank of the Natomas East Main Drain Canal, 
continuing along the west bank of the Pleasant Grove Creek Canal, between the American River 
on the south end and Natomas Cross Canal on the north end.  The levee embankment crown 
width varies between 22 and 55 feet with a landside slope of 1(V) on 2(H) and waterside slope of 
1(V) on 3(H).  The levee height varies between less than 5 feet to 20 feet.  The levee 
embankment was constructed of impervious material.  Figure 5 shows a typical cross section of 
the Levee Unit 3.  A reach of this unit between Sankey Road and Riego Road ground surface is 
of sufficient height to not require a levee for low flow events. 

 
Figure 5 – Unit 3 Typical Cross Section 

3.5 Levee Unit 4, Natomas Cross Canal.   

The 4.38 miles long levee is located along the south bank of the Natomas Cross Canal between 
the Pleasant Grove Creek Canal on the east end and Sacramento River on the west end.  The 
levee height varies between 12 and 25 feet, with the crown width varying between 23 and 50 
feet. The levee has side slopes of 1(V) on 2(H) on the landside and 1(V) on 3(H) on the 
waterside.  The levee was constructed of silts and clays of low to medium plasticity.  Berms 
located along three reaches of the levee (from mile 0.13 to 2.23, from mile 3.11 to 3.52 and from 
mile3.71 to 4.39) are 10 to 15 feet high with a width varying between 15 and 20 feet.  The berms 
were constructed with a chimney drain to prevent internal erosion due to seepage through the 
embankment and to increase the landside slope stability during high water stages in the canal. A 

9 
 
Geotechnical Analysis  
3% Flood Frequency  



3-foot deep unlined irrigation ditch is located on a small berm 10 foot from the landside levee 
toe between miles 0.0 and 0.76.  A 10-foot deep unlined irrigation ditch is located 100 feet from 
the landside levee toe between miles 0.36 and 1.84.  A third irrigation ditch, 5 to 10 feet deep, is 
located 100 to 130 feet from the levee toe between levee miles 2.27 to 4.55.  The ditch is 
concrete lined within the Caltrans Right-of-Way near State Highway 99.  There are four (4) 
pump stations located along the levee.  The Odysseus Farms pump station near levee mile 0.76 
includes an 18-inch pipe crossing the levee embankment 4 feet below the levee crown and a 
discharge riser at the landside levee toe.  Bennett Pumping Plant near mile 1.1 includes three 
pipes crossing the levee at 6 to 20 feet below the levee crown.  The R.D. 1000 Pump Station near 
levee mile 1.86 includes an unlined 10-foot deep sump 100 feet from the levee toe and three 
pipes crossing the levee 5 feet below the levee crest.  Natomas Mutual Water Company Northern 
Pumping Plant near levee mile 2.27 includes five pipes crossing the levee embankment 5 to 10 
feet below the levee crest and an 8-foot deep concrete lined sump about 40 feet from the levee 
toe.  A typical levee cross section is shown on Figure 6.  An 80 feet deep cut-off wall was 
recently constructed on the west end of the Natomas Cross Canal levee, from the Sacramento 
River to the Bennett Pump Station to control the underseepage at this area.  The wall will be 
extended along the entire Natomas Cross Canal by the end of 2009. 

 
Figure 6 – Unit 4 Typical Cross Section 

 

4. FOUNDATION CONDITIONS 

4.1 General   

The subsurface conditions along the project are derived from the results of the subsurface 
investigations performed for the different studies listed in Paragraph 2.  The materials 
encountered during the subsurface exploration consisted primarily of alluvial sand and low 
plasticity silt and clay in various proportions, with occasional high plasticity clay layers and 
scattered gravel.   

4.2 Geomorphologic Features 

A geomorphologic study of the Sacramento River was performed by URS for the Corps of 
Engineers in 2002 as part of the American River Watershed Project (Common Features) and 
revised in 2007 for the Natomas GRR.  The study includes a geomorphologic map showing the 
former channels, meanders, oxbows, and current and former point bars as interpreted on the 
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aerial photographs.  The geomorphologic map also includes areas of known seepage reported by 
the landowners or determined by aerial photo survey.  It also includes current bank erosion areas.  
 
Several historical river meanders can be seen along the riverbed between Unit 1 levee mile 0.00 
and 2.99 at the north side of the area and between levee mile 16.86 and 17.99.  Seepage zones 
were observed in the upper north part of the area, between levee miles 0.0 and 1.98, around mile 
5.97, between miles 7.95 and 10.42, around mile 11.63, and between miles 12.69 and 15.15. 
Extensive seepage associated with sand boils was observed during the high river stages in 1986 
and 1997 near mile 4.00, between miles 8.33 and 9.09, at mile 11.63, and between miles, 16.59 
to 16.80, where the impervious blanket is thin and the underlying sandy aquifer is close to the 
surface.  However, seepage was not reported between levee mile 16.86 and 17.99. 
 
Bank erosion is manifested along the Sacramento River between Unit 1 levee miles 0.0 and 2.75, 
miles 4.17 and 6.25, miles 9.00 and 10.61, miles 11.93 and 12.69, miles 14.96 and 16.29, and 
miles 16.86 and 18.56, close to the confluence with the American River. 

4.3 Geotechnical Conditions - Levee Unit 1 East Bank Sacramento River 

The foundation soils consist generally of three layers:  an upper relatively impermeable alluvium 
layer of silts and clays overlying an intermediate pervious layer of sand and silty sand, which in 
turns overlies a lower impermeable silt and clay deposit.  The elevations and depth of these strata 
are highly variable as is expected in such a floodplain deposit environment.  The thickness of the 
upper silt and clay alluvium varies from a few feet at levee mile 6.80 to as much as 40 feet at 
levee mile 5.15.  Its elevation also varies from being exposed at the surface at levee mile 10.00 
to being under 15 feet of sand cover at levee mile 6.00.  The upper silt and clay layer is underlain 
by a silty sand to sand layer varying in thickness from 15 feet at levee mile 2.20 to 70 feet at 
levee mile 9.32.  In the southern part of the levee unit, south of levee mile 9.00 the lower 15 feet 
becomes gravelly sand and gravel.  Near Pritchard Lake Pump Plant the sand layer was deep 
extending to more than 80 feet below the ground surface.  The intermediate sand layer was 
underlain by a silty clay and fat clay layer containing occasional thin layers or lenses of sand.  
 
Ground water levels were measured in piezometers installed along the levee.  From the 
piezometer measurements it can be seen that the ground water level decreases during the 
summer.  In general the ground water varied from 2 to 18 feet below the ground surface, 
depending upon the season. 
 
As stated previously the levee was constructed by hydraulically depositing sand in a core trench 
excavated in the natural ground, to the top of the levee.  Consequently loose hydraulic placed 
sand can be found at a depth below the natural ground surface.  A 10-foot wide landside berm 
was constructed in the 1990s between levee mile 0.0 (at the Natomas Cross Canal) and 12.3 (at 
Power Line Road).  The berm was constructed with a drainage layer to half of the levee height to 
intercept seepage and increase the levee landside slope stability.  A seepage cut-off wall no 
deeper than 40 feet was constructed between levee mile 12.3 (Power Line Road) and the end of 
the Unit 1 at levee mile 18.8.   
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Irrigation ditches were excavated along the levee landside toe.  The location of the irrigation 
ditches vary from the landside levee toe to about 60 feet landward of the toe.  The ditches are 
typically unlined and vary in depth from 3 to 6 feet. 
 

5. GEOTECHNICAL ANALYSES  

5.1 General. 

Previously there have been studies of the Natomas Basin. These studies have primarily 
concentrated on the conditions along the Sacramento River, Unit 1 of the Natomas levee system. 
Two studies recently completed, one performed by Kleinfelder for SAFCA and the other by URS 
for the Corps of Engineers indicate that most of Unit 1 have exit gradients higher than the 
maximum allowed and slope stability with factors of safety less than the minimum allowed for 
the 1% expected flood frequency considering only the 50% Conditional Non-Exceedance 
Probability (CNP).  For those studies Unit 1 was divided into several reaches where levee 
construction and foundation conditions are similar.  Kleinfelder’s designated Reaches 1 and 2 
were found to be the most critical.  URS study found similar conditions.  Areas with undesirable 
results for Levee Unit 1 on the left bank of Sacramento River are shown on Figure 18.  
Therefore, based upon the results of geotechnical analyses performed by Kleinfelder for SAFCA 
and by URS for the Corps of Engineers these two reaches in Unit 1 levee along the east bank of 
the Sacramento River were chosen to be first examined for this analysis.  If these reaches met 
criteria then it is likely the entire system would be sufficient to pass the 3% event.  The water 
elevations used for the geotechnical analyses correspond to the 3% expected flood frequency 
considering 95% Conditional Non-Exceedance Probability (Assurance).  The expected 3% at 
95% assurance profile differs at most by 0.2 ft from the mean 1% profile.   The results have been 
compared with the geotechnical analyses performed previously. 

5.2 Selected Cross Sections 

This geotechnical analysis was performed on cross sections found critical by previous analyses 
performed by URS and Kleinfelder, where the subsurface investigation shows unfavorable 
conditions which could lead to failures due to piping or slope stability.  Previous seepage and 
stability analyses show high gradients and lower factors of safety.  The selected cross sections 
are in the upper reach of the Sacramento River East levee (Unit 1), at miles 1.33 and 4.11, where 
previous analyses performed by Kleinfelder and URS for a mean water elevation corresponding 
to the 100 and 200 year flood events show excessively high gradients at the levee toe or at the 
bottom of the irrigation ditch located 10 to 70 feet from the levee toe.  The geomorphologic 
study reveals the levee constructed at these locations is on an overbank deposit of sand, silt and 
clay deposited during past high-stage water flow, overtopping channel banks.  (See Figure 8)  A 
5 to 6 feet deep irrigation ditch was excavated along the landside levee toe, 10 feet from the toe 
of the berm at LM 1.33 and 60 feet from the berm toe at LM 4.11.  Recent borings performed in 
2007 by URS on the crest of the levee and both waterside and landside of the levee embankment 



at mile 1.33 show the foundation materials consisting of a 24-foot thick sand layer underlying 
17-foot thick natural clay blanket.  The blanket thickness is reduced by the ditch excavated close 
to the levee toe.  The geotechnical analysis was performed using the foundation and embankment 
material properties (strength and permeabilities) as determined by URS by the recent 
explorations performed at the site.  Same permeabilities were used also by Kleinfelder in their 
seepage analyses. Figure 7 illustrates the foundation soils and the levee geometry used at levee 
mile 1.33. 

 
Figure 7 – Levee mile 1.33  

 
Explorations performed recently by URS at levee mile 4.11 show the foundation soil consisting 
of an approximately 13 feet thick impervious blanket overlaying a layer of sandy silt/silty sand 
followed by the permeable aquifer of sand and gravel.  The impervious blanket was excavated 
for  
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the construction of levee.  The levee constructed of dredged sand from the river.  Figure 9 shows 
the levee and the foundation soils. 

 
Figure 9 – Levee mile 4.11  

5.3 Underseepage Analysis  

The underseepage analysis was performed using SEEP2D finite element program developed as 
part of the GMS version 6.  The phreatic line obtained by the finite element method for the 3% 
flood water elevation was used in the stability analysis. Corps of Engineers design criteria 
requires the exit gradient does not exceed 0.5 at the landside toe of the levee.  
 

5.3.1 Methodology and Assumptions 

Two-dimensional, steady state seepage modeling using SEEP2D was conducted to estimate the 
position of the free surface to be used in stability analysis and to determine the hydraulic 
gradient at the toe of the levee and at the bottom of the irrigation ditch.  Permeabilities used in 
the analysis were obtained from the recent URS evaluation report prepared for the Natomas GRR 
which are similar with permeabilities provided by Kleinfelder in their levee evaluation.   
 
5.3.1.1 An unconfined model was used for the seepage analyses.  The seepage analyses were 
performed by saturated/unsaturated flow modeling where the flow in both saturated and 
unsaturated zone is modeled.  The hydraulic conductivity in the unsaturated zone is reduced 
using the linear frontal method.  The analysis used the water elevation provided by the hydraulic 
analyses.  Additional analyses were performed for other water elevations to determine the 
maximum water elevation to obtain a hydraulic gradient less than 0.5 at the bottom of the 
irrigation ditch. 
 
5.3.1.2 Boundary Conditions.  The model was extended to the middle of the river on the 
waterside and 400 feet landside of the toe of the levee.  The following boundary conditions have 
been assigned. 
 
(1) Head Boundary Condition was assumed for all nodes where the flow enters or exits the 
system, such as the nodes along the waterside slope up to the assumed water elevation.   
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(2) Exit Face Boundary Condition was assumed for nodes along the face where the free 
surface is likely to exit the model including the nodes along the sloped natural ground landside 
of the levee toe and in the ditch excavated landside of the levee. 
 
(3) The model was extended to the center of the river assuming a no flow boundary on the 
vertical face of the center of the river. 
 

5.3.2 Material properties 

 
The material properties used in the analyses are shown in Table 1.  The permeabilities used in 
the seepage analyses are provided by URS in their recent report and are the same as those used 
by Kleinfelder in their analyses.  For all materials the model assumed minimum pressure head     
   h0 = -1 and minimum relative conductivity kr0 = 0.001. The ratio of horizontal to vertical 
conductivity is assumed to be 4:1. 

Table 1 – Hydraulic Conductivity 

 
Permeability Material 

Kh (ft/day) Kv (ft/day) 
Sandy levee Embankment 56 14 
Clay Blanket 0.028 0.007 
Foundation Sandy Silt 0.56 0.14 
Foundation Silty Sand 11.2 2.8 
Foundation Sand 56 14 
Foundation Gravel 280 280 

 

5.3.3 Selected Sections for Analysis 

5.3.3.1. Levee Mile 1.33 (Station 70+00).  The levee crest is at elevation 44 feet and is 
constructed of sandy soil.  The levee slope is 1(V) on 3(H) on the waterside and steeper, close to 
1(V) on 2(H) on the landside.  The berm on the landside slope was neglected since the 
permeability of the drain rock was much higher than the permeability of the levee.  The 
maximum height of the levee at this location is 13 feet.  The crest width of the levee is 24.5 feet, 
with Garden Highway located on the levee crest.  The foundation consists of a thick layer of 
sand covered by an impervious clay blanket.  The sandy aquifer underlain a thin layer of silt 
followed by clay soil.  The riverbank has been eroded and the sandy layer is now exposed 
directly to the river.  The irrigation ditch excavated 10 feet from the levee toe reduces the blanket 
thickness by 7 feet.  The blanket thickness at the landside toe of the levee is 18.3 feet and 
reduced to 11 feet at the bottom of the ditch.  The water elevation provided by the hydraulic 
analysis for this levee mile is at 43.7 feet, 0.3 feet below the levee crest.  Additional analysis was 
performed for lower water elevations to determine the variation of the gradient with the river 
stage. 
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5.3.3.2 Levee mile 4.11 (Station 217+00).  The levee crest is at elevation 43 feet with the 
water elevation provided by the hydraulic analysis at 41.9 feet.  The 11-foot high levee 
constructed of dredged sand has a 27 feet wide crest with 1(V) on 3(H) waterside slope and 1(V) 
on 2(H) landside slope.  Garden Highway is located along the levee crest.  The foundation soil 
consists of an impervious clay blanket followed by a thick layer of sandy silt, overlaying a thin 
layer of clay covering more sand and gravel extending below elevation -100 feet.  The 
impervious blanket is 12.7 feet at the levee toe and reduced to 6 feet at the bottom of the 
irrigation ditch excavated 60 feet from the levee toe.   

5.3.4 Seepage Analyses Results 

The hydraulic gradients obtained by the seepage analyses are shown in Table 2. 

Table 2 Hydraulic Gradients Obtained by Seepage Analyses – Sacramento River  
 

Toe of Levee Bottom of Ditch Unit 1 
Levee 
Mile 

Water Elev. 
(ft)(1)

Top of 
Levee 

Elev. (ft) (2)
CNP (3) Excess 

head (4)

Calculated 
Gradient 

(5)

Excess 
head (4)

Calculated 
Gradient (5)

Author 

43.70 95% (8) 12.65 0.69 17.60 1.60 USACE 07 
43.45 50% (7)  0.84 - 2.00 URS 07 
43.45 50% (7)  0.65 - - KA (6) 06 
41.60 50% (8) 10.46 0.57 15.40 1.40 USACE 07 

1.33 

37.00 

44 

<50% (8) 5.92 0.32 10.89 0.99 USACE 07 
42.3 95% (8) 8.73 0.69 14.63 2.40 USACE 07 
41.9 50% (7)  0.83  2.0 URS 07 4.11 
41.8 

43 
50% (7)  0.58 - - KA (6) 06 

 
 

(1) Elev NAVD 88 in Feet  
(2) Crest of Levee from surveys conducted by PSOMAS in 2007 for SAFCA in Feet  
(3) Conditional Non-Exceedance Probability (Assurance) 
(4) Excess Head from Seep 2D/GMS in Feet 
(5) Gradient = Excess Head / Blanket thickness 
(6) KA- Kleinfelder Assoc. 
(7) 1% Frequency Flood Event 
(8) 3% Frequency Flood Event 

 
The blanket thickness at mile 1.33 is 18.3 feet at the levee toe and 11 feet at the toe of the 
irrigation ditch.  The blanket thickness at levee mile 4.11 at the levee toe is 12.6 feet and at the 
bottom of the ditch 6.1 feet. 
 
Seepage analyses performed by URS and Kleinfelder at the levee mile 1.33 considering the 
water elevation corresponding to 100 year flood (elevation 43.45 feet) with 50% Conditional 
Non-Exceedance Probability (CNP) show the gradient at the levee toe of 0.84 and 0.65 
respectively.  The seepage analyses at levee mile 4.11 performed by URS and Kleinfelder for the 
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same flood frequency of 100-year with 50% CNP (flood water elevation 41.9 feet) show 
gradients of 0.83 by and 0.52 respectively.  The gradients obtained by URS at the bottom of the 
ditch are 1.08 at levee mile 1.33and 2.00 at levee mile 4.11.  Kleinfelder did not consider the 
existing ditch at the levee toe. 
 
The following figures 10 through 13 illustrate the results of the seepage analyses and the 
boundary conditions. 
 
If one were to plot the exit gradients from the various studies versus the water surface elevations 
at Levee Mile 1.33, one could get a rough estimate that the water level must be less than 40 feet 
for the exit gradient at the toe of the levee to meet the design criteria, while the elevation would 
need to be below elevation 35 feet for the bottom of the ditch to meet the design exit gradient 
(See Figure 14).  The water surface elevation for the 3% event with 50% Conditional Non-
Exceedance Probability (CNP) at Levee Mile 1.33 was found to be 41.6 feet. Thus the site does 
not meet current design criteria for the 3% event at the mean water surface as well as the mean 
water surface exceeds elevation 40.  There is insufficient data from analysis to make a similar 
comparison at Levee Mile 4.33.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure 10 Levee Unit 1 Mile 1.33, Water Elevation 43.7 feet 

 
 
 
 

 
Figure 11 Levee Unit 1 Mile 1.33, Water Elevation 41.6 feet 
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Figure 12 Levee Unit 1 Mile 1.33, Water Elevation 37.0 feet 
 
 
 
 

 
Figure 13 Levee Unit 1Mile 4.11, Water Elevation 42.3 feet 

 
 
 
 
 



 

 
 

Figure 14 Levee Unit 1Mile 1.33, Maximum Water Elevation to Meet Corps Criteria 

5.4 Slope Stability Analysis 

Stability analyses were performed on the cross section at LM 1.33 on Unit 1 Sacramento River 
East Bank Levee using the phreatic line obtained by the previously described seepage analysis 
for water surface elevation 43.7 feet NGFD 88.   

5.4.1. Case Analyzed and Method used for Analyses. 

The section analyzed was performed for the steady state seepage for the landside slope of the 
levee.  Rapid drawdown was not analyzed.  The levee is constructed of sandy material that 
provides sufficient drainage during a rapid drawdown of the river.  The landside stability berm 
was considered in the analysis. The phreatic surface developed for the steady state condition was 
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determined by the SEEP2D finite element computer program.  The stability analysis was 
performed using the limit equilibrium computer program “UTEXAS3” assuming circular failure 
surfaces.  The analysis consisted of running a search routine to identify the critical failure surface 
using the Spencer’s Method.   

5.4.2 Soil Strength Parameters. 

Soil Strength Parameters used in the stability analyses were the drained soil parameters as 
determined in the URS “Natomas GRR Investigation” Draft Evaluation Report, Sacramento East 
Levee, 2007.  A summary of the soil strength parameters is presented in Table 3. 
 

Table 3 – Soil Strength Parameters used in Stability Analysis.(1) 

 
Unit Weight 

(pcf) 
Effective Strength 

Parameters 
Soil Type 

Moist Sat. 
Friction 
Angle 
Φ(deg.) 

Cohesion 
(psf) 

Levee Fill (Sand) 115 135 35 0 
Foundation Clay  N/A 125 29 0 
Berm (silt) 110 N/A 31 0 
Foundation Sand N/A 115 35 0 
Drain Rock 135 N/A 40 0 

 
(1) The parameters used are identical to those used by URS for their analyses. 
 

5.4.3 Results of Stability Analysis. 

The Sacramento River East Levee mile 1.32 was analyzed for steady state condition considering 
the phreatic line developed by the 3% flood elevation.  The factor of safety obtained by the 
stability analysis and the critical failure surface are shown on Figure 15. 
 



 
 

Figure 15 – Levee Unit 1 Sacramento River East Levee Mile 1.33 
 
As seen on Figure 13 the factor of safety for steady state condition is 1.28, which is less than the 
minimum factor of safety of 1.4 required by Corps design criteria. 
Considering the irrigation ditch backfilled with the material similar to the adjacent soil, the 
factor of safety increases to Fs = 1.59 as shown on Figure 16 below. 
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Figure 16 – Levee Unit 1 Sacramento River East Levee Mile 1.32 – Ditch Backfilled 
 

The gradients at the levee toe and at the ditch invert (at the bottom of the irrigation ditch 
excavated between 10 and 60 feet from the landside levee toe) are greater than the maximum 0.5 
exit gradient required by the Corps.  The landside steady state stability factor of safety of 1.28 is 
less than the minimum acceptable factor of safety of 1.4.   

 

6. CONCLUSIONS OF THE GEOTECHNICAL ANALYSIS 

 
The Natomas Levees do not meet current Corps design criteria for seepage and stability for the 
3% flood frequency considering 95% Conditional Non-Exceedance Probability.  This is further 
substantiated by the studies analyses performed by URS, and Kleinfelder.  For water elevations 
at the 3% flood frequency or lower exit gradients are higher than the maximum allowed and the 
stability factors of safety are lower than the minimum allowed along the Levee Unit 1 on the left 
bank of Sacramento River.  Results are shown on the Figure 18.  
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Figure 18 – Levee Unit 1 Sacramento River East Levee – Critical Reaches  
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LEVEE CERTIFICATION ANALYSIS 
 


Hydrologic and Hydraulic Engineering Report 
 
 
1.  PURPOSE.  This report documents the hydrologic and hydraulic engineering inputs, 
procedures, and results of a screening level certification analysis of the Natomas basin 
levee system.  The analysis was performed on the Sacramento River between the 
American River and Natomas Cross Canal, a reach containing known freeboard and 
seepage problems and with adequate data available to perform a reliable analysis.  The 
analysis was performed to provide an early indication of the Corps’ ability to certify the 
Natomas basin levee system to the 3% event.  Such indication will help determine if an 
attempt at a full levee system certification is warranted.     
 
2.  REFERENCES 
 


a. ETL 1110-2-570 (Draft), Certification of Levee Systems for the National Flood 
Insurance Program (NFIP) 


b. EM 1110-2-1619, Risk-Based Analysis for Flood Damage Reduction Studies  
c. Natomas Basin 3% Event Certification Geotechnical Analysis, 26 November 2007. 
d. Sacramento and San Joaquin River Basins Comprehensive Study, Technical Studies   


Documentation, December 2002. 
e. Sacramento River UNET Model Comparison Draft MFR, 16 February 2006.  
f.  Lower Feather River Floodplain Mapping Study, 17 February 2005.   
 


3.  BACKGROUND.  SAFCA, the County of Sacramento, and the City of Sacramento 
requested the Sacramento District, U.S. Army Corps of Engineers (the Corps) to certify 
that the levees surrounding the Natomas Basin can safely pass the 3% (i.e. 1 in 33) annual 
chance flood event.  The certification is one of the requirements to map the Natomas basin 
in a FEMA AR zone.  An AR zone is a temporary rating where housing construction and 
other commercial activities may continue with certain restrictions until the levees are 
rehabilitated.  A recent draft engineering technical letter (ETL 1110-2-570), entitled 
Certification of Levee Systems for the National Flood Insurance Program defines current 
interim procedures for levee system certification.  The USACE policy intent outlined in 
the ETL is that probability and uncertainty-based analyses be applied to certification 
determinations, and that only systems shown to possess a strong assurance (i.e. greater 
than 90% to 95% of the time) of passing a given event, be certified to that event.  Notably, 
the ETL does not allow floodfighting activities to be accounted for as part of the 
certification determination.   
 
4.  SCOPE.  The scope of hydrologic and hydraulic engineering efforts for the screening 
level analysis consisted of development of various water surface (stage) profiles 
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associated with the 3% chance flow event on the Sacramento River and a containment 
(i.e. freeboard) analysis using the same profiles.  These activities were performed using 
the best hydrology, hydraulic model, and risk and uncertainty (HEC-FDA) analysis inputs 
available from existing sources.  The profiles were also used for geotechnical analyses 
performed as part of the screening analysis.  The screening analysis did not include an 
analysis of all the FEMA certification and ETL requirements including erosion and wind-
wave.  The subject Sacramento River reach was chosen because it appeared to be the 
critical reach based on our current knowledge of and data availability for the levees in the 
Natomas basin system. 
 
5.  HYDROLOGY.  The hydrology data used was developed as part of the Sacramento 
and San Joaquin Rivers Comprehensive Study (Comp Study).  This data consisted of the 
flow hydrographs computed to represent storms of various sizes centered at the latitude 
of Sacramento on the Sacramento River.  See Reference 2.d for further detail on the 
Comp Study hydrology.  Subsequent to the Comp Study hydrology, a Shanghai centering 
was developed for the Feather River system.  See Reference 2.f for details regarding the 
development of the Shanghai centering.  Following the convention established by the 
Comp Study, water surface profiles of the Sacramento River were compared using both 
the Sacramento and Shanghai centerings.  The Sacramento centering produced higher 
water surface elevations for the Sacramento River from the American River to the 
Natomas Cross Canal and therefore was used for this analysis.   
 
6.  HYDRAULICS.  The UNET model used was also originally developed as part of the 
Comp Study, and was later refined based on reviewed and accepted revisions made by 
MBK Engineers. Reference 2.e documents the comparison of the models and the 
subsequent changes made.  Model runs did not include upstream levee failures, but did 
allow for overtopping of levees.  Profiles generated as part of the Comp Study efforts 
show no overtopping of levees upstream of Natomas for the 2% chance flood event for 
the major upstream channels of the flood control system (Sacramento River, Sutter 
Bypass, Feather River, Yuba River, and Bear River).  Therefore, no upstream overtopping 
is expected for a 3% chance event.   
 
Water surface elevations derived from the UNET model are based on the NGVD 1929 
vertical datum.  A conversion factor of +2.5’ was used to convert to the NAVD 1988 
vertical datum using the Corpscon computer program. 
 
7.  HEC-FDA ANALYSIS.  Inputs for the HEC-FDA (FDA) analysis consisted of stage-
frequency and period of record values.  Stage-frequency curves were used as opposed to 
flow-frequency, stage-discharge curves because of the fact that within the Sacramento 
River system there is not typically a unique set of stages for given discharges at a 
particular location.  Stages at 2 locations (index points at river mile 79 and river mile 68) 
were extracted for several frequency events from the UNET model runs.  The resulting 
stage-frequency curves used in the FDA analysis are shown in Table 1.  70 years was used 
as the period of record for both index points analyzed.   
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Table 1: FDA stage-frequency input 


Stage (ft)* Expected 
Annual 


Frequency RM 79 RM 68 
0.999 25.50 18.50 
0.500 35.46 29.92 
0.100 38.70 32.35 
0.040 41.71 35.89 
0.020 42.47 37.17 
0.010 43.99 39.06 
0.005 45.31 40.27 
0.002 46.60 41.69 


*Vertical Datum = NAVD ‘88  
 
 
8.  3% EVENT STAGE PROFILES.  Various stage profiles were developed for the 3% 
chance event using the available hydrology data, the existing UNET hydraulic model, and 
the HEC-FDA results.   
 


a. Expected Profile.  The expected 3% chance event stage profile was generated by 
interpolating between the expected 2% and 4% chance event profiles because hydrology 
had not been specifically developed for the 3% event.  The interpolation was done by first 
graphically determining the 3% stage using a stage frequency curve for river mile 79.  A 
weighting was then developed comparing the differences in stages for the 3% and 4% 
events compared to the difference in stages for the 2% and 4% events.  The weighting 
developed at this index point was applied to all other locations to determine the 3% event 
[3% stage = .447 X (2% stage – 4% stage) + 4% stage].  The 2% and 4% as well as the 
interpolated 3% profile are shown in Figure 1.   
 


b. 90% and 95% Assurance Profiles.  The 90% and 95% assurance profiles for the 
3% chance event are the 90% and 95% non-exceedence stage profiles for the 3% event.  
These profiles would not be exceeded in 90% and 95% of the occurrences of a 3% chance 
flow event.   These profiles were developed by following a two-step process.  The first 
step was an iterative process that tested multiple elevations by applying HEC-FDA at two 
index points previously mentioned to determine which elevations correspond to the 90% 
and 95% non-exceedence elevations for the 3% event at those locations.    The next step 
generated assurance profiles from these elevations by correlating them to the expected 
1% event elevation at each index point and using that correlation to develop the assurance 
profiles from the 1% event profile.  At RM 68, the 90% and 95% assurance elevations for 
the 3% event differed from the expected 1% elevation by -0.51 feet and 0.14 feet, 
respectively.  At RM 79, the 90% and 95% assurance elevations for the 3% event differed 
from the expected 1% elevation by -0.24 feet and 0.21 feet, respectively.  These 
differences were applied to the expected 1% event profile to develop two sets of 90% and 


 4  







95% assurance profiles – one set generated from each index point.  These profiles are 
displayed in Figure 2 and Figure 3 as well as Table 1.  
 
9.  CONTAINMENT ANALYSIS.  Levee freeboard is the vertical distance from the 
expected stage profile for a given event to the top of levee elevation.  In order to be 
certified per the ETL for a given flow event, levees must contain the 90% assurance 
profile for that event if they provide at least 3 feet of freeboard, or must contain the 95% 
assurance profile if they provide less than 3 feet of freeboard.  They must always provide 
at least 2 feet of freeboard for that flow event.  The expected 3% event, the expected 3% 
event with 2 and 3 feet of freeboard, and the 90% and 95% assurance profiles for the 3% 
event are all shown in Figure 3 along with the Sacramento River left bank top of levee 
profile.  The top of levee profile was acquired by the California Department of Water 
Resources relatively recently from ground-based surveys. 
 
As shown in Figure 4, there is at least 2 feet of freeboard along the entire profile.  
Downstream of about RM 69.9, the left bank levee provides greater than 3 feet of 
freeboard above the expected 3% event profile, and both of the 90% assurance profiles are 
contained.  Upstream of about RM 69.9, the freeboard above the 3% event profile is less 
than 3 feet at many locations.   
 
For purposes of the containment and geotechnical analyses, the 95% assurance profile 
developed from the index point at RM 79 was used for the reach upstream of RM 69, 
where a break in water surface slope is evident.  For downstream of RM 69, the 90% 
assurance profile (based on the RM 68 index point) is used.  Figure 4 shows the combined 
assurance profile used for the containment analysis that is a combination of profiles for 
the 2 reaches just described.  This profile is not contained below the left bank top of levee 
profile at river miles 72.2, 72.7 and 75.5.  Therefore, the levee in this reach is not 
certifiable to the 3% chance event per current criteria based on containment (freeboard) 
deficiencies. 
 
10.  SENSITIVITY ANALYSIS.  Geotechnical underseepage and stability analyses were 
conducted using the 3% event with 95% assurance profile (geotechnical analyses were 
conducted at locations upstream of RM 69).  The results of these analyses do not meet 
minimum criteria for underseepage or stability.  To determine the sensitivity of the 
geotechnical results to water surface inputs, the effects of lower stage profiles were 
assessed.  The geotechnical analyses results also did not meet minimum criteria when the 
expected 3% event profile was used, and even when an elevation which equates to less 
than an expected 10% event was used.  Additional information on the geotechnical 
analyses performed as part of the screening analysis can be found in reference 2.c.  These 
results show that requirements to meet 3% chance event levee certification are not close to 
being met based on serious geotechnical deficiencies that are insensitive to potential 
uncertainties in associated water surfaces.  It is therefore highly unlikely that more 
refinement of the hydrologic data and/or hydraulic model would provide any chance of 
certification.    
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11.  Any questions on the above may be referred to Ethan Thompson, P.E. at (916) 557-
7142. 
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Figure 1.  Sacramento River Water Surface Profiles RM 61-79 
Expected 3% Event Profile
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Figure 2.  Sacramento River Water Surface Profiles RM 61-79
3% Event Assurance Profiles - Based on RM 79 Index Point
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Figure 3.  Sacramento River Water Surface Profiles RM 61-79
3% Event Assurance Profiles - Based on RM 68 Index Point
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Figure 4.  Sacramento River Water Surface Profiles RM 61-79
Containment Analysis
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Table 2 3% Assurance Profiles


3% Mean
3% Mean + 


2'
3% Mean + 


3'
Index PT 


RM68 (95%)
Index PT 


RM68 (90%)
Index PT 


RM79 (95%)
Index PT 


RM79 (90%)


River Miles
Elev (ft)    


NAVD '88
 Elev (ft)    


NAVD '88
 Elev (ft)    


NAVD '88
 Elev (ft)    


NAVD '88
 Elev (ft)    


NAVD '88
 Elev (ft)    


NAVD '88
 Elev (ft)     


NAVD '88
79.21 42.18 44.18 45.18 44.26 43.61 44.34 43.89


79 42.05 44.05 45.05 44.13 43.48 44.20 43.75
78.75 41.93 43.93 44.93 44.01 43.36 44.08 43.63
78.5 41.80 43.80 44.80 43.87 43.22 43.94 43.49
78.25 41.69 43.69 44.69 43.77 43.12 43.84 43.39


78 41.63 43.63 44.63 43.71 43.06 43.78 43.33
77.75 41.44 43.44 44.44 43.52 42.87 43.60 43.15
77.5 41.24 43.24 44.24 43.32 42.67 43.39 42.94
77.25 41.19 43.19 44.19 43.27 42.62 43.34 42.89


77 41.06 43.06 44.06 43.14 42.49 43.22 42.77
76.75 40.94 42.94 43.94 43.03 42.38 43.10 42.65
76.5 40.87 42.87 43.87 42.97 42.32 43.04 42.59
76.25 40.75 42.75 43.75 42.86 42.21 42.94 42.49


76 40.59 42.59 43.59 42.71 42.06 42.78 42.33
75.75 40.50 42.50 43.50 42.62 41.97 42.70 42.25
75.5 40.36 42.36 43.36 42.49 41.84 42.57 42.12
75.25 40.23 42.23 43.23 42.37 41.72 42.44 41.99


75 40.15 42.15 43.15 42.30 41.65 42.37 41.92
74.75 40.02 42.02 43.02 42.18 41.53 42.25 41.80
74.5 39.79 41.79 42.79 41.96 41.31 42.04 41.59
74.25 39.72 41.72 42.72 41.92 41.27 41.99 41.54


74 39.62 41.62 42.62 41.82 41.17 41.89 41.44
73.75 39.51 41.51 42.51 41.73 41.08 41.80 41.35
73.5 39.40 41.40 42.40 41.64 40.99 41.71 41.26
73.25 39.31 41.31 42.31 41.56 40.91 41.63 41.18


73 39.14 41.14 42.14 41.41 40.76 41.49 41.04
72.75 39.05 41.05 42.05 41.34 40.69 41.41 40.96
72.5 38.87 40.87 41.87 41.18 40.53 41.25 40.80
72.25 38.73 40.73 41.73 41.05 40.40 41.13 40.68


72 38.48 40.48 41.48 40.83 40.18 40.90 40.45
71.75 38.43 40.43 41.43 40.80 40.15 40.87 40.42
71.5 38.33 40.33 41.33 40.72 40.07 40.79 40.34
71.25 38.19 40.19 41.19 40.60 39.95 40.68 40.23


71 38.01 40.01 41.01 40.45 39.80 40.52 40.07
70.926 37.93 39.93 40.93 40.38 39.73 40.46 40.01
70.893 37.90 39.90 40.90 40.36 39.71 40.43 39.98
70.75 37.84 39.84 40.84 40.30 39.65 40.37 39.92
70.5 37.76 39.76 40.76 40.23 39.58 40.31 39.86
70.25 37.69 39.69 40.69 40.18 39.53 40.26 39.81


70 37.63 39.63 40.63 40.14 39.49 40.22 39.77
69.75 37.48 39.48 40.48 40.02 39.37 40.10 39.65
69.5 37.40 39.40 40.40 39.95 39.30 40.03 39.58
69.25 37.33 39.33 40.33 39.91 39.26 39.98 39.53


69 37.22 39.22 40.22 39.82 39.17 39.89 39.44
68.75 37.02 39.02 40.02 39.65 39.00 39.72 39.27







68.5 36.92 38.92 39.92 39.57 38.92 39.64 39.19
68.25 36.67 38.67 39.67 39.36 38.71 39.44 38.99


68 36.46 38.46 39.46 39.20 38.55 39.27 38.82
67.75 36.19 38.19 39.19 38.98 38.33 39.06 38.61
67.5 35.99 37.99 38.99 38.83 38.18 38.90 38.45
67.25 35.82 37.82 38.82 38.69 38.04 38.76 38.31


67 35.72 37.72 38.72 38.61 37.96 38.68 38.23
66.75 35.43 37.43 38.43 38.39 37.74 38.46 38.01
66.5 35.21 37.21 38.21 38.22 37.57 38.29 37.84
66.25 34.89 36.89 37.89 37.97 37.32 38.05 37.60


66 34.72 36.72 37.72 37.84 37.19 37.91 37.46
65.75 34.57 36.57 37.57 37.74 37.09 37.81 37.36
65.5 34.46 36.46 37.46 37.66 37.01 37.73 37.28
65.25 34.22 36.22 37.22 37.50 36.85 37.57 37.12


65 34.01 36.01 37.01 37.34 36.69 37.41 36.96
64.75 33.81 35.81 36.81 37.19 36.54 37.26 36.81
64.5 33.66 35.66 36.66 37.08 36.43 37.16 36.71
64.25 33.54 35.54 36.54 37.00 36.35 37.07 36.62


64 33.29 35.29 36.29 36.82 36.17 36.90 36.45
63.82 33.18 35.18 36.18 36.75 36.10 36.82 36.37
63.75 33.29 35.29 36.29 36.92 36.27 36.99 36.54
63.69 33.41 35.41 36.41 37.06 36.41 37.13 36.68
63.63 33.51 35.51 36.51 37.15 36.50 37.22 36.77
63.57 33.59 35.59 36.59 37.17 36.52 37.25 36.80
63.5 33.65 35.65 36.65 37.13 36.48 37.20 36.75
63.44 33.68 35.68 36.68 37.01 36.36 37.08 36.63
63.25 33.67 35.67 36.67 37.04 36.39 37.11 36.66


63 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.973 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.971 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.943 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.941 33.68 35.68 36.68 37.11 36.46 37.18 36.73
62.75 33.67 35.67 36.67 37.11 36.46 37.18 36.73
62.5 33.67 35.67 36.67 37.14 36.49 37.22 36.77
62.25 33.67 35.67 36.67 37.19 36.54 37.26 36.81


62 33.67 35.67 36.67 37.22 36.57 37.30 36.85
61.75 33.67 35.67 36.67 37.26 36.61 37.33 36.88
61.5 33.67 35.67 36.67 37.28 36.63 37.35 36.90
61.25 33.67 35.67 36.67 37.32 36.67 37.39 36.94


61 33.67 35.67 36.67 37.38 36.73 37.45 37.00
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